Abstract (J Korean Assoc Oral Maxillofac Surg 2012;38:321-5) Collagen is widely used for regenerative therapy and pharmaceutical applications as one of the most useful scaffolds. Collagen is the most abundant protein in vertebrates and the natural substrate of various types of animal cells. Bone and dentin are mineralized tissues and almost similar in chemical components. They consist of collagen (18%), non-collagenous proteins (2%), hydroxyapatite (70%) and body fluid (10%) in weight volume. Pepsindigested, type I collagen (atelocollagen) and heat-denatured collagen (gelatin) are basic collagenous materials for medical use. Demineralized dentin matrix (DDM) and demineralized bone matrix (DBM) belong to acid-insoluble group, and vital tooth-derived DDM is a unique dentin material including cementum and growth factors. In this review, collagen-based materials will be introduced and discussed for bone regenerative surgery.
I. Introduction
Regenerative medicine is based on biomaterials science and cell biology. Our generation must have enough knowledge for collagen and hydroxyapatite that are main components in bone and tooth. Doctors with the knowledge of biomaterials science and pathology never use a bone wax with paraffin and other agents (so-called beeswax). Though the bone wax was developed for stopping the marrow bleeding, it should inhibit bone regeneration as a foreign body and form foreign granuloma. Nowadays, cleaver dental surgeons ought to use collagenous materials for blood clot and bone regeneration.
II. Bone and Dentin
Osteoblasts and odontoblasts produce calcifiable collagen matrix 1 . Bone and dentin are mineralized tissues and almost similar in chemical components 2 . They consist of collagen formation at the implanted site [12] [13] [14] . The fibrillar atelocollagen reconstituted from bovine skin collagen was found to produce significantly more new bone than non-graft in bone defects 14 . Atelocollagen/heat-denatured collagen 14 , phosphophoryn/ Ca 2+ /collagen 15 and hyaluronate/cross-linking collagen 16 were estimated in the mandibular defects of rabbits, in the femur defect of beagle dogs, in the cranial defect of rats, respectively. These biomaterials demonstrated good biocompatibility and exhibited osteoconductive potential [14] [15] [16] , whereas synthetic polymers are not osteoconductive 17, 18 . The characteristic features of collagen are its cell-attachment capability (RGD sequence), excellent tissue com patibility, absorbability and weak antigenicity 7, 8 . The absorption of collagenous materials depends on a combination of enzymes such as collagenase and gelatinase, and cellular phago cytosis 11, 19 . Moreover, the clinical advantages of collagen-based materials are an easy handling for contour formation, adaptation to various shapes and moisture power. All cells never invade into dry areas without body fluids.
V. BMPs
BMPs belong to non-collagenous proteins and are members of TGF-β superfamily 20, 21 . In 1997, the first clinical studies have been published by using recombinant human BMP-2 and atelocollagen sponge 22, 23 . Boyne and co-worker 22 implanted the BMP-2/atelocollagen sponge for the sinus liftings of 12 edentulous or partially edentulous patients with severe atrophy Ser (40%) and another amino acids (25%) in the amino acid components. In addition, bone is cellular matrix with capillary, but dentin is acellular, dense matrix with dentinal tubes. The structural differences between them are the most important points for the release of growth factors and the absorbability of extracellular matrix (ECM).
III. Collagen
Collagen is the most abundant protein in vertebrates and the natural substrate of various types of animal cells. Type I collagen is main component in bone and dentin. The structure of type I collagen is well known as triple-helix. At molecular level, one finds tropocollagen, which is a subunit of the sum of collagen that forms fibrils that are 300 nm long and 1.5 nm in diameter, consisting 3 polypeptide strands known as α chains. Each of these strands possesses the conformation of a left-handed helix. As the non-helical telopeptide region of the collagen molecule can produce an antigenic response by the host, the immunogenicity of the collagen is reduced by a pepsin digestion 7 . The telopeptidedepleted type I collagen (so-called atelocollagen), therefore, has been prepared from skin, bone, tendon or pericardium for medical uses. Characteristic features of collagen are its ability to form supra-molecular aggregates in extracellular space and to become cellular ancharage 8 .
IV. Collagenous Biomaterials
Now, collagen is widely used for regenerative therapy and pharmaceutical applications as one of the most useful scaffolds. The first collagen-based biomaterial was developed in 1980 9, 10 , and has been modified in terms of antigenicity and structure for cellular response. We can classify collagen into the acid-soluble group and the acidinsoluble group. (Fig. 2 ) Generally, commercially available collagenous materials are produced from acid-soluble, pepsin-digested collagen (atelocollagen) and heat-denatured collagen (so-called gelatin). (Figs. 3. A, 3 . B) Several collagenous materials are available in various forms such as solution, sponge, membrane, bead, mini-pellet and gel. Recently, a dry composite sponge of fibrillar atelocollagen and gelatin has been developed to reduce the inflammatory response and increase cellular affinity and ingrowth 7 . The insolubility of collagen is relatively high for a fibrillar structure and superior in physical strength to gelatin 7, 11 . The collagenous materials did not show interference with bone 31, 32 . These results indicate DDM has better performance in bone induction than calcified dentin.
of the maxilla. The results indicated that the subsequent increase in height of the treated maxilla varied between 2.3 and 15.7 mm. The OP-1 (BMP-7) device, demineralized bone matrix and autogenous bone were grafted for human sinus floor elevation in 1999 24 . The addition of BMPs to atelocollagen fibers enhanced the absorption rate of the collagen scaffold [25] [26] [27] . On the other hand, non-absorbable materials remain in tissue as foreign bodies for a life time and should trigger chronic inflammation. The use of bioabsorbable materials is, therefore, scientifically preferable and there is a medical need for graft materials that both allow for bone formation and gradually absorb as to be replaced by bone. We found that the atelocollagen sponge facilitated its adaptation of the skull arch and was slowly absorbed as new bone began to form in the presence of BMP-2 28, 29 . We confirmed that human DBM and DDM induced bone and cartilage in the subcutaneous tissues of nude-mice at 4 weeks 33 . DBM and DDM are defined as acid-insoluble, collagenous matrics with growth factors [34] [35] [36] [37] . (Figs. 3. C, 3 . D) Autogenous DDM can be recycled without antigenesity for bone regeneration.
In 2007, the immediate autograft of DDM could be achieved using newly developed mill (Osteo-Mill; Tokyo Iken Co., Ltd., Tokyo, Japan) for tooth crush. The particles after 2% HNO 3 -demineralization was proven to be bacteria-free by bacteriological examination. The histological findings of biopsy revealed mature bone in the spaces created by absorption of DDM, and connected directly with DDM residues. Successful cases of DDM autograft have been acquired by the innovative processing system. Medical service company (Korea Tooth Bank Co., Ltd., Seoul, Korea) was established in 2009, and various tooth-derived materials of sizes, hardness, and shapes have been delivered into hospitals and clinics for bone regeneration [38] [39] [40] [41] . Dentin collagen is hardest among the body collagens. The hardness with cross-linking and the elasticity after the acid treatment are crucial advantages especially for vertical bone augmentation, based on doctor's idea.
VII. Conclusion
Doctors must select and combine better performance substances among many graft materials for patients. Standardized operations for regeneration will be basically biomaterialbased therapy. Regenerative medicine is based on advanced biomaterials science and cell biology. An interdisciplinary approach of researches in the medical and engineering fields is very crucial for wonderful success. This review introduced collagen biology and Asian innovative technology for our own day and near bright future.
